1. Introduction. - [2] . These photoresponses and associated 15 Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/rphysap:01980001502021900 methods are based on either the variation in conductivity produced by both electrons and holes induced in excess in the sample [3, 4] -photoconductivity methods using voltage (1) 0394V03C3(t) or current AI,(t) signals depending on whether the sample studied is under constant polarization current or voltage -, or on the diffusion of only the minority carriers induced in excess in the sample -diffusion current method [5, 6] or even open-circuit voltage methods [7, 8] . Viewed as a whole, the above methods (') then may have the advantages of covering various sample structures, including devices at their successive manufacturing stages, and of being utilizable with a single experimental set up.
But, although transient electrical photoresponses tend to be commonly used today for measurements of carrier lifetimes, they are generally used individually, on samples differing in type and/or struoture, and under low carrier injection level conditions. Moreover, only for method using the variation in conductivity has the theory been well established for a long time ; method using the minority carrier diffusion has been used more recently [1] and is less known especially from the point of view of its conditions of validity for measuring carrier lifetimes.
The following study will [3, 6] and [8] (3) [11, 12] (4)), such as an n+ p junction (Fig. lb) .
Unlike the previous photoresponses based on the conductivity variation, the iD(t) response involves a major contribution from the k &#x3E; 1 harmonics [6] (1). Because of this contribution, the expression for ip(t) may, for large enough sl, be written as :
Xk depends on the recombination velocity S2 on the back side :
Depending on whether the values of the product txf= are large or small with respect to one, expression (10) is reduced to either of the two following simplified forms [6] : or (1) With respect to reference [6] , s, = wD, d = TG and Xf = Zf /Tv.
From the study of référence [6] , the given expressions for iD(t) appear valid as soon as fi is large compared with unity, i.e., SI where iD(y &#x3E; t') = Ihv(y &#x3E; t') is given by (14) or (15) . From a) Expressions (7), (8) and (9) indicate that the decrease in conductivity responses (Fig. la) (15) therefore show that the lifetimes 03C4i or T, are given by the time constant of the response iD(t &#x3E; tl) or the time constant of the product iD(3 T t t 1). Jt, respectively [6] . In addition, it should be noted that the use of expressions (14) and (15) [7] ) to those obtained using diffusion photocurrents (for example, evaluation of 'rN' using ' (7), (8), (9) and (14), (15) , (12) , (13) ).
g) Moreover, it should be noted that, when the excess carrier density Li is increased up to Li values around the equilibrium majority carrier density po, the expressions (7) , (14) and (15) [4, 6] . In this Li range however, the photocurrent iD(t) decay method given by (14) or (15) may appear more precise than those for the photoconductivity decay : the expressions for 0394V03C3(t) and 0394I03A3(t), as given in figure la, are then more complicated functions of T,, than (7) . But, as d increases above po, the expression (7) exciting pulse intensity Eo on the sample. The and diffusion current iD(t) agree with the expressions of figure la and (7), (8) and (10), (15) Fig. 3a, 4a ) and the amplitude times tmax of the diffusion photocurrent and photoconductivity signals agree with comment 2.2, d) ; in particular, the decay 0394V03C3(t) obeys (7) as soon as t 2 T in the range 4 gg po (cf. Fig. 4d ). Hypothesis (iv), (v) In contrast to the above observed signals DVQ(t) and iD(t), the photoconductivity signals 0394I03A3(t) measured when using constant voltage condition appear as the sum of two responses (cf. Fig. 3a ) :
Only the amplitude and decay of the slowest component AI'2(t) then agree with the sample bulk photoconductivity response (7), i.e. agree with the values and variations with L1 of the amplitude and decay of the 0394V03C3(t) responses. In the case of figure 3 , the AIzi(t) component shows a decay time constant 03C403A31 # 0.8 ils dEo. This fast component varies with sample surface treatment and appears as an enhanced variation of the equilibrium current density in the sample region near the surface. The measured signals vco(t) may also appear as the sum of two responses (cf. Fig. 4b) . However, the signals obtained for a front illumination must be distinguished here from those obtained for a back illumination of the sample (Fig. 2b) . In particular, only the front illumination signals, as shown in figure 4b, c Fig. 4a, b) . The value of the results illustrated in figure 4c is to show that the measured decay time As shown in figure 4d, Fig. 3a) or saturate (cf. Fig. 4a ) above the maximum value of the response amplitude such as Ve, calculated from the sample equilibrium parameters J1n,p' po, V or I (Fig. la) . For the case shown in figure 3a , the usual case for 1 Q. cm P-type silicon, the observed increase agrees with the theoretical decrease in majority carrier mobility J1p(A ) that would be in accord with a total impurity concentration N = po + A [14] . A simultaneous decrease of the lifetime values is observed (cf. Fig. 3b ) which qualitatively agrees with the surface recombination velocity variation s = so(1 + 4 /po) from so to s~ (cf. (8) , (9) for example ; so = 200 cm/s in figure 3b) (14) or (15) , may be used in carrier lifetime measurements of the P region substrate and N+ emitter, respectively [1, 6] . The . Fig. la) ; d) the decay of the constant current photoconductivity response à V,(t) remains a valid method for studying thin samples ; e) at low excess carrier injection, the amplitude of the constant-current photoconductivity response 0394V03C3(t) may be used to calibrate the injected carrier density, especially when carrier excitation occurs near the sample surface (use of DVQ2 for strongly absorbed light) or is created in the sample bulk by multiphoton excitation processes (use of 0394V03C3max).
